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Abstract 
Planning resource and energy efficient factories is a challenge for present approaches because of the additional knowledge required and because 
of the high variety of energy efficient measures theoretically available; modularity as promising solution allows case-adaptability and focusing 
most relevant energy drivers during planning. Planning requires interdisciplinary collaboration and smooth decision making in these modules 
because different factory elements interact and information needs to be processed. This paper describes the composition and interconnection of 
Green Factory Planning modules focusing the assignment to planning experts and the management procedure to have higher impact on green 
performance. A use case shows how planning modules can help identify relevant information and key team members to let them collaboratively 
find solutions. 
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1. Introduction 
In faster changing economical and social environments 
planning becomes more challenging for almost every industri-
al company. This does not diminish but increase the im-
portance of planning in production domain, as appears by the 
rising number of publications in the research field. 
Topics like production efficiency, adaptability and flexibil-
ity of production systems as well as manufacturing infor-
mation systems were seen as the core challenges in the last 
decade. More recently the cost and effects of energy con-
sumption also became a focus in the industrial context [1], 
because of the increase in energy price and of the changes in 
the political and societal attention. 
Starting with the reactive measures for the end use of products 
(i.e. recycling) the awareness for resource consumption 
moved into more proactive consideration within product de-
sign, production operation and also factory planning. This 
challenged existing principles and approaches and required 
new ways of thinking. 
   As other evolutionary step in production planning such 
as lean philosophy, the planning of energy and resource effi-
cient factories poses challenges to planners. Knowledge, 
methods and tools are required in addition to the decade-long 
expertise built in industry and a huge variety of measures 
could be implemented to improve energy performance. This is 
complicated by economical boundaries every company deci-
sion is subject to. 
Since full potential of production aspects like energy effi-
ciency in operation are predetermined by the interaction of 
production system components (e.g. machines, technical 
building services), major invest-causing changes (like plan-
ning new building, modernization, re-planning) in production 
factories are the core of this research. For this research  green 
factory planning is considered as a design process that takes 
product and location  of  the  factory  as  defined  inputs  and 
guide through the decisions  on  processes,  resources,  mate-
rial  flow,  layout, building and building services to come up 
with a detailed plan for a new or renewed green factory [2]. 
Open access under CC BY-NC-ND license. 
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In this paper, ‘green’ is understood as the maximal genera-
tion of value under minimal effects (e.g. consumption, pollu-
tion) for the environment. This broad aim refers to resource 
and energy efficiency as well as to reduction of emissions etc. 
Important to mention is the restricting principle of contrib-
uting to economical success of a company to make the re-
search applicable in industry. Green factories must be eco-
nomically efficient while they are environmental conscious.  
To properly address the challenge of green factory plan-
ning, a modular approach is proposed that supports planners 
to focus on most important aspects from green perspective, to 
consider relevant measures and information needed for the 
specific case. First, research and industrial challenges are 
defined. Then the procedure that guides experts involved in 
factory planning, on how to create a green factory is proposed 
and finally an application is shown to facilitate understanding.  
2. State of research  and research challenges 
Factory planning can be seen as the realization of the facto-
ry elements represented in Fig. 1. For example, how produc-
tion processes and technologies are selected in an early plan-
ning phase needs to consider the environmental legislation in 
the country, rather than requiring extensive investments in the 
disposal infrastructure to avoid natural damage and law viola-
tions later. The required and resulting information to perform 
activities for planning the factory elements need to be gath-
ered, directed and processed appropriately in a consecutive 
procedure to ensure benefits for the green factory perfor-
mance. Planning activities for a factory element are generally 
described as planning tasks (e.g. material flow planning, area 
dimensioning and layout planning for the factory layout). The 
term ‘procedure’ in this paper is defined as operational se-
quence that makes those planning tasks manageable and en-
sures a comprehensive execution by experts to be involved. 
That representation helps to identify additional green in-
formation and the measures that can be taken into account 
during planning.  
A variety of established tools and methods allow now to 
perform single tasks for planning of a factory element (e.g. 
Life Cycle Evaluation to calculate costs and environmental 
impact of products supports the selection of production 
equipment [3]). Also a lot of single technical measures (see 
Fig. 2) as well as best practice frameworks like ISO 14000 [4] 
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Fig. 1: Factory elements and green planning information changing existing planning standard 
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for environmental management allow the implementation of 
green aspects in factory planning tasks. However, the effects 
of measures and tasks concerning environmental impact are 
not visible; moreover, the isolated optimization of single fac-
tory items (e.g. different production equipment) does not nec-
essarily lead to an overall green factory, since interaction 
among factory elements cannot be thoroughly considered. 
The green information shown in Fig. 1 are complex and 
time consuming to gather for all factory elements. The gather-
ing or generation of environmental information (e.g. energy 
consumption) is an additional challenge, especially if the pro-
cess lacks sufficient information gathering in the early plan-
ning phases. To plan the factory green, this information could 
be considered in standardized processes for factory planning 
as is has been established by the German Association of En-
gineers [5] for example. With this, a consecutive, project 
management oriented guidance exists. While these general 
methods are case neutral, their use requires overall planning 
expertise. That causes problems in terms of generalization on 
the one hand and limited fields of action on the other hand. 
Because the general description follows a rough-to-detailed 
understanding of a factory planning project, tasks for several 
factory elements (e.g. machines, layout, TBS) are performed 
in multiple planning phases. Nevertheless, the general proce-
dure was used for the integration of energy efficiency as main 
target of factory planning [1]. Despite the fact that this ap-
proach would be manageable and provides environmental data 
processing, it is too rough to guide planners through case-
specific interactions among factory elements that just can be 
addressed in a collaborative way. 
This disadvantages of a general procedures for green like 
[1] – it is hard to scale and to focus effort – increases, if the 
planning description is more detailed without providing a 
consecutive procedure how to use it. If the exemplary stated 
green information would just be added to the general se-
quence of factory planning, the time and effort to plan a facto-
ry would increase significantly.  
Since the factory elements influence each other and the 
green performance of the factory, planning information and 
decisions for an earlier module have to be considered for later 
alternatives. Thus green performance factors and information 
need to be communicated as underlying requirements among 
green-directed tasks and experts. In order to avoid miscom-
munication and suboptimal solutions, planning tasks have to 
be done together rather than sequentially and a common lan-
guage needs to be present in planning tasks [6]. Energy con-
sumption and emission is difficult to see, experience and 
evaluate. Consequences like global warming, resource scarci-
ty, higher costs or earlier machine breakdown due to instable 
supply are not present and relations to tasks within the influ-
ence of the stakeholder are often neglected or not understood. 
More interdisciplinary experts have to be involved (e.g. ar-
chitects, technical building service planners, technology ex-
perts) to generate an environmental conscious factory because 
of the high variety and complexity of decisions. Therefore, 
factory planning is a collaborative team activity that deals 
with challenges of teamwork, motivation or collaboration [6]. 
In addition to known information relations, additional conclu-
sions from green increase the complexity of those decisions.  
Taking these challenges into account, the green factory 
planning procedure needs to ensure: 
x clear guidance for project management,  
x focused tasks and information flow for green, 
x collaborative decision making  
to create a specific plan for a green factory, which is more 
efficient as with a individual application of already available 
measures and methods could have been achieved. 
3. Concept definition 
To ensure environmental aware planning there is no gen-
eral measure, method or applicable solution; energy and re-
source efficient factories are uniquely depending on boundary 
conditions and factory characteristics. Due to limited re-
sources, planners should focus on the most important planning 
tasks for the overall green performance of the factory. Most of 
available procedures in the field of factory planning are gen-
eral to be easy to follow but they are difficult to be adapted to 
specific cases. 
The authors developed a modular green-factory planning 
approach, which facing the challenges of chapter 2, support 
the planner through the most relevant activities and infor-
mation for improving green performance for his specific fac-
tory planning project. The defined modules: 
1. are deducted from the planning tasks with minimal it-
erations among each other.  
2. include a selection of information and planning tasks 
that need to be addressed together in a defined order 
3. specify the required experts and decisions to be taken 
4. are performed with support of planning methods/tools 
(including best-practices as measures).  
To make green factory planning applicable to different 
cases, focus on the most important planning tasks and sustain 
the importance of the environmental perspective as integrated 
element of factory planning the modularization of planning 
Fig. 2: Procedure of Green Factory Planning 
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tasks together with a prioritization method was developed by 
the authors, the concept is shown in Fig. 2. 
A prioritization tool was developed: this supports the mod-
ule selection [10]. Characteristics of important factory criteria 
(defining location, product and production aspects) with ma-
jor influence on the green performance are used to focus work 
on the most important energy drivers that have an influence 
on the factory elements. From this, the most important plan-
ning tasks to be performed in a green way are derived [11]. 
The identification of green tasks is described in [9] and [11] in 
detail; and it is included in this research paper. 
Planning tasks are generally performed with the support of 
methods/tools that specifically address the challenges for the 
factory element the task relates to. For example, to include 
state of the art measures on energy efficiency improvement, 
the authors collected industry applied best practices and 
linked them to the factory elements. A brief example, how 
this method can be applied is also given in chapter 4.  
Because factory elements and their tasks are interconnect-
ed (e.g. the need for district heating does not alone depend on 
the climate, but also on the heat emissions of machines, the 
processes used or the layout of the factory), the full potential 
of measures can only be achieved if several tasks are per-
formed together. Accordingly, a green module consists of 
multiple prioritized tasks and related input information that 
need to be performed considering their influence relations. 
Green modules require varied resource and energy infor-
mation, which can be obtained only by using methods and 
tools that are different from the existing ones used in planning 
or optimization. Decisions that determine the factory specifi-
cations have to be based on this information flow. Information 
about green performance can change the consideration of 
technical solutions in other tasks (e.g. if a more efficient ma-
chine park will be considered in machine selection the poten-
tial of heat recovery will decrease in TBS design), which re-
sulted in interactions and synergies that can be better ad-
dressed through collaborative decision making. 
The evaluation is based on a layer visualization concept, 
that represents energy and production related indicators (e.g. 
temperature, consumed energy) with a multi-perspective view 
on the layout to make the high variety of interacting aspects 
visible. Keeping in mind the problems of data availability 
(especially in early planning phases) and the lack of a bench-
marking, the layer visualization concept provides a solution 
that can be easily understood by every person involved in the 
planning process. It is visual, easy to interpret and an appro-
priate discussion base for working teams (it is a ‘common 
language’ among all planning experts) [12]. 
To create a consecutive planning procedure, green modules 
have to be linked with traditional tasks and brought into a 
manageable sequence. The timely priority of planning mod-
ules depends on the successive decisions in factory planning. 
For example, layout planning to decide for the factory layout 
is done after the production process is defined, capacities are 
estimated and machines are selected/dimensioned (order from 
left to right in Fig. 2). This underlying structure cannot be 
changed, but it provides more a high-level logical order for 
project management and information flow than a strict step-
by-step procedure. 
In the end, factory elements are still planned in a sequential 
logic in mind, but the description as modular approach allows 
a systematic allocation of planning experts and methods/tools 
to specific tasks based on the most important factors for green 
performance in the specific factory planning project. The 
selected green modules are the backbone, based on which the 
logical decision sequence can be intended. Work on the in-
formation links of planning modules has also been done by 
[5] and [6], despite the fact that the identified green infor-
mation were not considered. 
The definition of green modules highly depends on the use 
case as well as the deduction of planning tasks. This approach 
is not part of this research paper. To demonstrate the applica-
bility, the example in the following chapter uses the module 
structure of [6] as example to enhance understanding.  
4. Procedure of factory planning applied to industry case 
For a better understanding of the developed procedure the 
application is demonstrated in a relocation project. The com-
pany produces different types of valves in big quantities re-
quires several production steps that were relocated to a new 
facility. For the project, the whole machining area should be 
centralized in one area of the new production facility that had 
to be planned green. Since the relocation was proposed with 
available machines and quantities, the presented case is only a 
subsection of the green factory planning procedure and so 
does not cover all aspects presented in Fig. 2.  
First, modules have to be selected based on major im-
portant green factors during target planning [10], brought into 
the correct order depending on the case and ensure a central 
basis for evaluation and decision. Instead of separated tasks, 
intense communication and interdisciplinary collaboration 
[12] is required among all experts. Since green modules are 
case-specific (e.g. module green layout planning combines 
tools/methods and tasks of material flow design, layout plan-
ning, dimensioning of technical building services and build-
ing), they need to be chosen based on the single project [11]. 
For the application project the analysis and target planning 
suggested that in the specific factory case the connection of 
building with technical building services (TBS) with produc-
tion process and the creation of a compact factory layout have 
the biggest potential for green performance. Therefore the 
tasks material flow planning, area and space design, layout 
planning, TBS definition as well as building design were fo-
cused as module ‘green layout planning’ (aspect 1 of module 
definition in chapter 3). 
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Despite the relevant information for executing the planning 
of material flow, space and area requirements, factory layout, 
technical building services design and architectural design this 
module causes different required information on green as 
defined summarized in Fig. 3. The figure also shows the case-
specific information and decision sequence. 
Green layout planning is a module that combines tasks 
from layout planning, technical building services design and 
preliminary architectural conception (Fig. 3). In the specific 
case, the position of machines had to be defined not just in 
case of material flow, but also considering the most energy 
efficient effects for the surrounding. Measures like heat re-
covery potentials from the machines, decentralized disposal of 
chips and filtration or the use of natural conditions for light 
intense operations were identified from the best practice col-
lection matrix mentioned above to minimize light, heat, elec-
tricity and compressed air consumption. The exemplary list-
ing shows strong connections among those planning disci-
plines. The necessary information and knowledge (e.g. good 
technical understanding of air flow and extraction systems) 
was identified and topics could then be matched with availa-
ble expertise in the planning team. It became necessary to 
integrate an external architect and internal production experts 
in the team of factory planner and TBS expert. Since the due 
date for the layout plan was fixed by management, the pro-
duction control and transport planning were forced to deliver 
their necessary input data (transport equipment, production 
control strategy, storage requirements) in time for the green 
layout planning (aspect 2 of module definition in chapter 3).  
To combine the expertise from different stakeholders, the 
assignment of modules to planning experts and the manage-
ment procedure is important. By assigning planning tasks to 
specific experts responsible an individual view on the plan-
ning procedure is described. Enhancement and selection of 
tasks into green modules therefore creates a team, which is 
responsible to create suitable alternatives (e.g. a green factory 
layout) that are later on evaluated for decision making. There-
fore the modules are described as collaborative team task 
(aspect 3 of module definition in chapter 3).  
To be able to focus on the interaction among TBS, layout 
and building a green layout workshop with the tool IntuPlan is 
useful. IntuPlan is a workshop based layout planning method, 
where layouts are planned by printed 3D-models of machines 
[12] and automatically transferred back to AutoCAD via QR-
codes. Methods like IntuPlan need to be adapted to be suitable 
for green factory planning, e.g. so they can process green 
information. The workshop preparation and conduction to-
gether with production experts, technical experts and TBS 
designers, the environmental manager, logistics, quality con-
trol and workers as well as the architect allows the focus on 
the overall green performance. The participants were selected 
based on the required input information (e.g. work place lay-
out, existing layout, area requirements, process and equipment 
requirements, see also [11]). Output information that need to 
be prepared - block as well as detailed factory layout, supply 
/disposal infrastructure, resource appropriation and building 
concept and restrictions – were than finalized by the experts 
unaccompanied (aspect 4 of module definition in chapter 3). 
For an integrated perspective during the multi-disciplinary 
factory planning, a methodic evaluation is continuously pro-
vided for every decision that needs to be made. An integrated 
evaluation unifies the module contribution to decision mak-
ing, because every module result is evaluated based on the 
same overall view of the factory. In every module several 
alternatives can be created, but a clear decision is prepared 
and made considering the integrated evaluation. 
Communication and collaboration was necessary during 
the workshop, so IntuPlan was linked almost real-time to the 
integrated evaluation concept (the concept is based on the 
visual representation of energy data in the virtual factory lay-
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out). This helped to discuss environmental topics on a clear, 
for all involved experts comprehensible language. Alternative 
layouts and their implications for the other factory elements 
were visual and discussed in the workshop to preselect the 
best alternatives [13]. The result and some implications from 
the discussion were: Zones for lighting, heating and com-
pressed air for minimal supply and small infrastructure, reduc-
tion of layout-based interference effects (e.g. heat emissions), 
area layout for minimal conditioned area and a funnel next to 
lighting intense machines (see also Fig. 4). 
An additional value of the developed procedure is, that en-
ergy and resource efficiency attention enter the people’s 
mindset and generate awareness among all experts involved in 
the planning. Participating in green factory planning becomes 
a ‘learning by doing’ experience on environmental conscious 
behavior for later operation. 
The factory planning procedure resulted in a machining 
building with reduced environmental impact compared to the 
as-is situation. Focusing the relevant module made a consecu-
tive planning procedure still possible and communication as 
well as collaboration was leading to more coordinated results. 
On top, involved experts were confident with their workshop 
experience and identified themselves with the result. 
5. Conclusion 
The described procedure for Green Factory Planning as de-
fined in [11] consists of the decision making sequence which 
is used as project management process and a unified integrat-
ed evaluation of environmental performance to support those 
decisions. The alternatives that need to be evaluated are creat-
ed in planning modules that are assigned to different experts 
and connected via the flow of environmental related planning 
information. Thus the communication and collaboration in the 
modules and the procedure is forced while awareness for en-
vironmental issues is integrated in the whole procedure. 
The application case demonstrated the applicability of the 
developed procedure. Most important tasks to create a green 
factory could be carried out and linked to decisions before and 
after, proofing a significantly better result in the end. Further 
research is necessary to proof the applicability in a broader 
variety of cases. The information flow needs to be updated as 
project application proceeds. In a next step the green modules 
have to be defined and tested further based on ongoing re-
search, e.g. by [8]. For Green Factory Planning developed by 
the authors the planning multiple tasks and modules have top 
be newly defined, grouped and connected.  
In addition, new methods/tools have to be designed to sup-
port the different planning tasks for green. To describe the 
whole procedure in a structured and understandable way to 
make if applicable for a variety of industries will be the last 
step for the development of Green Factory Planning.  
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